SUMMARY
The host-vector system for an extreme thermophile. Thermus thermophilus HB27, was developed. The host strain has a mutation in tryptophan synthetase gene (trpB). and the mutation was determined to be a missense mutation by DNA sequence analysis. A Thermus.E. cob shuttle vector pYKI09 was constructed, pYKI09 consists of Thermus cryptic plasmid p'I'T8, tryptophan synthetas¢ gene (trpB) of Thermus T2 and E. coh plasmid vector pUCI3, pYK109 t-~nsformed T. thermophilus HB27 trpB5 to Trp , a :. {uency of 106 transformants per ~.g DNA.
INTRODUCTION
Thermus sp. are extremely thermophilie Gramnegative bacteria which can grow at over 75°C. Since no antibiotic resistance plasmid has been Correspondence to." Yoshinori Koyama. Fermcl~tatlon Research Institute, AIST, MITt, Tsukuba Science City, Ibaxaki 305. Japan+ igc,!ated from Thermus bacteria and antibiotic resistance g'mes from mesophilic bacteria do not function at high temperature, a Thermus plasmid vector has not yet been constructed.
We reported previously natural DNA transformation events in T. thermophilus HB27 [1]. Auxotrophic strains of T. thermophilus HB27 were transformed 1o prototrophy at high frequencies of 10 -2 to 10 ~ when cells were incubated at 70°C with wild-type chromosomal DNA. Cells of T. thermophilus HB27 require no chemical treatment to induce competence. Introduction of a cryptic plasmid pTT8 into T. rhermophilus HB27 was also demonstrated.
We have cloned tryptophan synthetase genes (trpBA) from T. thermophilus HB27 for a selection marker in Thermus [2] . However. T. thermophilus HB27 trpBA genes were not suitable for a selection marker in T. thermophilus HB27 hosts, because the cloned DNA fragment of T. thermophilus HB27 trpBA genes recombined with the chromosomal counterpart at high frequency.
We describe here the analysis of the trpB5 mutation of the host strain and the construction of a Thermus-E. colt shuttle vector plasmid which contains Thermus T2 trpB gene as a selection marker. [2] and Thermus cryptic plasmid pTT8 [13] were described previously. 
MATERIALS AND METHODS

L Bacterial
Media and growth conditions
DNA isolation, transformation and cloning
E. colt transformation and plasmid isolation were performed as described [15] . T. thermophilus HB27 trpB was transformed to Trp + as described
Thermus T2 trpBA genes were cloned as follows. Thermus T2 chromosomal DNA was partially digested with Mbol and 4-10 kbp DNA fragments were isolated. After ligation of the DNA fragments to BamH! digested pUCI3, E. ¢~li MC1009 was transformed. The E. colt recombinant colony bank was screened by colony-hybridization with a 1,8 kbp BgllI-$acl DNA fragment which contained trpB and the N-ternfinal region of trpA of 7". thermophil~' HB27 121.
Location of the trpB5 mutation
Chromosomal DNA of T. thermophilus HB27 trpB5 mutant was digested with Sinai and 1.1-1.2 kbp DNA fragments were isolated. The DNA fragments were ligated to Smal digested pUCII8 and E. colt JM83 was transformed. A colony containing the trpB5 mutant gene was selected from the colony bank by colony hybridization with the 1.15 kbp Sinai fragment of wild type T~ thermophilus HB27 trpB geae [2] as a probe. The nucleotide sequence (315 bp) between the BamHl and Sinai restriction sites of the insert DNA on the plasmid was determined.
Determination of nucleotide sequence
The DNA fragment to be sequenced was cloned in both orientation in pUCIIS. Single stranded plasmid DNA was obtained by the method of Vieira and Messing [6] . Nucleotide sequences were determined with a DNA sequencer (Applied Bio. systems model 370A),
RESULTS AND DISCUSSION
4.L Location of the T. thermophilus HB27 trpB3 mutation
trpB5 mutation is known to be in a 315 bp SmaI-BamH1 fragment which contains the Nterminal part of the trpB gent and the 5" flanking region (Fig. 1) [2] . This region was cloned from 
4.Z Transformation of T, thermophilus HB27 trpB5 with heterospeeific chromosomal DNA
We have tried to construct a Thermus plasmid vector containing the previously cloned tryplophan synthetasc genes (trpBA)of T. thermophilus HB27 [2] as a selection marker. However, T, thermophilus HB27 trpBA genes were not suitable for a selection marker, because these genes were found to recombine with their chromosomal counterpart at high frequency.
So we screened several Thermus strains for tryptophan synthetase genes which would not recombine with T, thermophilas HB27 chromosomal DNA, Z thermophilus HB27 trpB5 mutant was transformed 1o Trp+ with DNA from various Thermus strains (Table 1 ). The results suggested that Thermus T2 tryptophan synthetase gene can be used as a selection marker in T, thermophilus HB27 trpB5 host, because the transformation frequency with Thermus T2 chromosomal DNA was lowest, with a frequency of about 10 -a corn- thermophilus HB27 may have a base excision repair system which is similar to "'hex" system in Streptococcus pneumoniae [17] .
4.3.
Cloning of Thermus T2 tryptophan synthetase genes A Thermus "I"2 chromosomal DNA gene bank was constructed in E, cell using pUC13 and the resultant recombinant plasmid pKA207 containing the Thermus T2 trpBA genes was selected by colony-hybridization with the previously isolated T. thermophilus HB27 trpB gene as a probe (Fig.   2 ). Since preliminary hybridization suggested that the trpBA genes ate located in a 3.1 kbp Bglll. BamHI fragment, this fragment was subeloned into pUC13 (making pKA210) and a detailed restriction map was constructed. The 1.8 kbp BgllI-SacI fragment and the 0.95 kbp XhoI fragment on pKA210 insert DNA were also sub. cloned. The nucleotide sequence of the 0.95 kbp Xhol fragment indicated that it coded for a peptide which is homologous to T. thermophilus HB2) trpB peptide (40th to 353th amino acid; data not shown). The possible location of Thermus T2 trpBA genes is shown in Fig, 2. 
Construction of a Thermus plasmid vector
Vasquez et al, reported that the cryptic plasmid pTT8 (9.7 kbp) is stably maintained in T. thermophilus HB8 and cannot easily be cured [18] . Stable maintenance without selective pressure is a preferable feature of a vector plasmid. We chose this pTTg plasmid as a base plasmid for the construelion of a Thermus vector,
The Thermus T2 trpB gene was inserted in the BgllI site of the cryptic plasmld pTl"8 from T. therulophilus HB8 as shown in Fig. 3 . After the ligation of BamHl digested pKA216 and Bglll digested pTT8. T. thermophilus HB27 trpB5 was transformed. The recombinant plasmld pYK109 was obtained from a Trp + transformant, E. co// MC1061 was also transformed with pYK109 and the same plasmid was isolated from Ap r transformants, pYK109 transformed T, thermophilus HB27 trpB5 to Tip + at the frequency of 106 transfer. for use as a shuttle vector for Thermus and /~: coil, using EcoRI as a cloning site.
